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,QWURGXFWLRQ
,Q WKH ODVW GHFDGHV (XURSHDQ VHWWOHPHQW SDWWHUQV KDYH FKDQJHG VLJQLILFDQWO\ WRZDUGV PRUH XUEDQ
VSUDZO(FRQRPLFJURZWKDVZHOODVLQYHVWPHQWLQWKHWUDQVSRUWLQIUDVWUXFWXUHIRVWHUHGWKLVGHYHORSPHQWLQ
UHFHQW\HDUV$VDQHJDWLYHFRQVHTXHQFHXUEDQDUHDVZLWKDKLJKSRSXODWLRQGHQVLW\DQGFRPSDFWFLWLHV
KDYH EHHQ UHSODFHG E\ VSDUVHO\ EXLOWXS DUHDV ZLWK PRUH WKDQ D GRXEOLQJ RI WKH VSDFH FRQVXPHG SHU
LQKDELWDQWZKHUHDVPDQ\ZRUNSODFHVUHPDLQLQWKHFHQWHUFRQXUEDWLRQV>(XURSHDQ(QYLURQPHQW$JHQF\





7KLV GHYHORSPHQW RI GHFHQWUDOL]HG VHWWOHPHQWV FDXVHV VHULRXV SUREOHPV IRU WKH WUDQVSRUW V\VWHP RI
XUEDQDUHDV LQSDUWLFXODUGXULQJSHDNKRXUV)RUH[DPSOHPRUH WKDQSHRSOHFRPPXWHGDLO\ WR
ZRUNLQ9LHQQDPDQ\RIWKHPE\FDU>6WDWLVWLN$XVWULD@3DUWLFXODUO\LQWKHHDVWDQGWKHVRXWKZHVWRI
WKH FLW\ RI 9LHQQD WKH VKDUH RI SXEOLF WUDQVSRUW LQ DOO WULSV LV SDUWLDOO\ OHVV WKDQ  $FFLGHQWV RU
URDGZRUNVLWHVZRUVHQWKHVLWXDWLRQIRUURDGXVHUV+RZHYHUIRUORQJGLVWDQFHWULSVFRPPXWHUVSUHIHUWR
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2EMHFWLYHVRIDQLQGLYLGXDOL]HGWUDQVSRUWLQIRUPDWLRQV\VWHP




OLNHO\ PRGH PRGH GHWHFWLRQ WKH URXWH RU WKH SXEOLF WUDQVSRUW OLQH XVHG DW WKH WLPH DV ZHOO DV WKH
GHVWLQDWLRQSURILOLQJRIWKHXVHU%\FRPSDULQJWKHVHGDWDZLWKWKHDFWXDOWUDIILFVLWXDWLRQGHOD\VRQWKH
SUHGLFWHGPRGHRUURXWHDUHLGHQWLILHGDQGEHWWHULQWHUPRGDODOWHUQDWLYHVDUHVXJJHVWHGGXULQJWKHWULSRU
HYHQSULRU WR WKH WULS VLWXDWLRQDZDUHQHVV)RU WKLV SXUSRVH UHDOWLPH WUDIILF GDWD DUHXVHGZKLFK DUH
SURYLGHG E\ H[WHUQDO VRXUFHV OLNH WKH WHOHPDWLF V\VWHP RI WKH URDG WUDIILF DXWKRULW\ RQVWUHHW ORRS
GHWHFWLRQV IORDWLQJ FDU GDWDRI WKH WD[L IOHHW RU RQOLQH WLPHWDEOH GDWD RI WKH SXEOLF WUDQVSRUW RSHUDWRUV
)LJ
)LJ&RQFHSWRIWKHLQGLYLGXDOWUDQVSRUWLQIRUPDWLRQV\VWHP
%DVHGRQ WKHVHGDWD WKH WUDYHOVLWXDWLRQRI WKHXVHUDW WKH WLPHRI UHTXHVW LVSUHGLFWHGDQG LQGLYLGXDO
LQIRUPDWLRQ SURYLGHG IRU WZR VWDJHV  EDVHG RQ WKH XVXDO PRELOLW\ EHKDYLRU ,7,6 IRUHFDVWV WKH
XSFRPLQJWULSDQGSURYLGHVLQIRUPDWLRQRQWKHEHVWGHSDUWXUHWLPHDQGLGHDOURXWH,7,6RSWLPL]HVWKH
URXWHGXULQJWKHWULS)RUH[DPSOH WKHV\VWHPPLJKWVXJJHVW WRXVHWKHWUDLQLQWKHPRUQLQJEHFDXVHRI
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URXWHDVVXPLQJWKDWLQIRUPDWLRQLVSURYLGHGSULRUWRWKHWULSVFHQDULRRUGXULQJWKHWULSVFHQDULR
7RHDFK UHVSRQGHQWRSWLRQVZHUHSURSRVHG  WR VWD\RQ WKH XVXDO URXWHDQGZDLW  WRFKRRVHDQ
DOWHUQDWLYHURXWHE\FDUWRFKDQJHWRSXEOLFWUDQVSRUWRUWRXVHSDUNDQGULGH$VLPLODUDSSURDFK
ZDVXVHG IRUSXEOLF WUDQVSRUWXVHUV7RDFKLHYHDKLJK OHYHORIRUWKRJRQDOLW\ IRUHDFKYDULDEOHXS WR
GLIIHUHQWDWWULEXWHVZHUHGHILQHGLQDGYDQFHRQHRIWKHPZDVVHOHFWHGDWUDQGRP+RZHYHUDOODWWULEXWHV
ZHUHEDVHGRQREVHUYHGYDOXHVUHYHDOHGSUHIHUHQFH WRSURYLGHDQH[DPSOHEDVHGRQ WKHXVXDO WUDYHO
WLPHDQH[WHQVLRQRIWKLVWLPHE\RUZDVSRVVLEOH7KLVDSSURDFKHQVXUHVWKDWWKHQHZWUDYHO
WLPHVXJJHVWHGLQWKHVFHQDULRVVHHPVSODXVLEOHWRWKHUHVSRQGHQWV)LJ

















WUDYHOWLPH  K 0LQ  K 0LQ  K 0LQ K 0LQ  K 0LQ
WULSOHQJWK  NP  NP   &DUNP  
NPRIPRWRUZD\V  NP  NP  NP 
PDLQPRGH    
QXPEHURILQWHUFKDQJHV    WLPHV  WLPHV
DYHUDJHZDLWLQJWLPH
DWLQWHUFKDQJHV    PLQ  PLQ
FRVWV  ¼  ¼  ¼  ¼
$UULYDOWLPH BBBBBBKRXUV BBBBBBKRXUV BBBBBBKRXUV BBBBBBKRXUV
    
:KLFKRQHZRXOG\RX

























2Q DYHUDJH FDU XVHUV NQRZ  DOWHUQDWLYH URXWHV EXW RQO\  RI WKHP XVH VXFK DQ DOWHUQDWLYH
RFFDVLRQDOO\ 7KH GHFLVLRQ IRU D URXWH LV PDLQO\ EDVHG RQ D WULDODQGHUURU SURFHGXUH ,Q RUGHU WR
GHWHUPLQHYDULDEOHVIRUDXWLOLW\IXQFWLRQWKHSDUWLFLSDQWVZHUHDVNHGWRUDQNWKHDWWULEXWHVRIDURXWH)RU




FDVHRI D EUHDNGRZQPRVW RI WKH UHVSRQGHQWVZDLW RQ WKH URXWHRU SXEOLF WUDQVSRUW OLQHPLQXWHVRU
ORQJHUEHIRUHWKH\VWDUWWRORRNIRUDOWHUQDWLYHV7KXVWKHSRWHQWLDOPDUNHWIRUDQLQGLYLGXDOLQIRUPDWLRQ
V\VWHPVHHPVWREHELJ
1952   Oliver Roider et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1948 – 1957 
'HYHORSPHQWRIDGLVFUHWHFKRLFHPRGHOIRURSWLPL]LQJURXWHDQGPRGHFKRLFH
7R SURYLGH LQIRUPDWLRQ DERXW DOWHUQDWLYH PRGHV RU URXWHV IRU XVHUV LQ FDVH RI DQ DFFLGHQW RU D
EUHDNGRZQ RI WKH SXEOLF WUDQVSRUW VHUYLFH RQ WKH XVXDO URXWH LV RQH RI WKH PDLQ REMHFWLYHV RI WKH
LQGLYLGXDOL]HG WUDYHO LQIRUPDWLRQ V\VWHP )RU WKLV UHDVRQ D GLVFUHWH FKRLFH PRGHO ZDV GHYHORSHG
FRQVLGHULQJDYDULHW\RIYDULDEOHVVXFKDVWUDYHOWLPHWUDYHOFRVWVXVHRIWKHWUDLQHWFVHH>%HQ$NLYDHW
DO@RU>0DLHUHWDO@0RUHRYHULWKDVWREHHQVXUHGWKDWEHQHILWVDUHQRWRQO\FDOFXODWHGIRUWKH
VDPH PRGH EXW DOVR FRQVLGHULQJ WKH SRVVLELOLW\ RI FKDQJLQJ WKH PRGH LI DSSURSULDWH 7KH DQDO\VLV LV
IRFXVHGRQDQLQGLYLGXDOSHUVRQZLWKPRUHWKDQRQHIHDVLEOHDOWHUQDWLYH7KHXWLOLW\RIHDFKDOWHUQDWLYHLV
FDOFXODWHGE\XVLQJWKHIROORZLQJXWLOLW\IXQFWLRQ









































LNQLN uu ¦¦ 
ZKHUH
\3 LQ  3UREDELOLW\RISHUVRQQWRFKRRVHDOWHUQDWLYHL
F3 NQ  3UREDELOLW\RISHUVRQQWREHORQJWRFODVVN
F\3 NLQ  3UREDELOLW\RISHUVRQQWRFKRRVHDOWHUQDWLYHLRQFRQGLWLRQWKDWSHUVRQQEHORQJVWRFODVVN

7KH WHUP F3 NQ LV  SHUVRQ EHORQJV WR FODVV N RU  SHUVRQ GRHV QRW EHORQJ WR FODVV N 7KH
FDOLEUDWLRQ RI WKH FRHIILFLHQWV FDQ EH XQGHUWDNHQ IRU HDFK DOWHUQDWLYH DQG IRU HDFK FODVV VHSDUDWHO\ RU
LQGHSHQGHQWO\ RI ERWK ZKHUH DSSURSULDWH 7KH VRIWZDUH SDFNDJH /DWHQW *ROG &KRLFH  ZDV XVHG WR
HVWLPDWHWKHFRHIILFLHQWVE\DSSO\LQJWKHPD[LPXPOLNHOLKRRGSURFHGXUH>9HUPXQW0DJLGVRQ@7KH
FDOLEUDWLRQRIWKHFRHIILFLHQWVWDNHVWKHUHVXOWVRIWKHUHYHDOHGSUHIHUHQFHDVZHOODVWKHVWDWHGSUHIHUHQFH
VXUYH\ LQWRDFFRXQW ,QFOXGLQJREVHUYHGGDWD LQ WKHDQDO\VLVRIIHUV WKHDGYDQWDJH WKDWRQHFDQFRQVLGHU
SHRSOH¶VEHKDYLRU LQFDVHRIDEUHDNGRZQUHODWHG WR WKHPRGHRUURXWHQRUPDOO\XVHGUHIHUHQFH OHYHO
&ODVVHVDUHGHILQHGE\FDUFRPPXWHUVDQGE\FRPPXWHUVXVLQJSXEOLFWUDQVSRUWIRUWKHGDLO\WULSWRZRUN
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0DLQ0RGH FDU&    
0DLQ0RGH 7UDLQ7    
6WDW3UHI6FHQDULR[FDUXVH6&    
7UDYHOWLPHE\FDUZLWKRXWGHOD\7&>PLQ@    
'HOD\RIFDUDQGSWWUDYHOWLPH'>PLQ@    
&RVWRISXEOLFWUDQVSRUWXVH&3>(XUR@    
*HQGHU PDOH[FDU0&    




*RRGQHVVRIILWLQGH[ &DUFRPPXWHUV 37XVHUV $OO





$OO DOJHEUDLF VLJQV RI WKH FRHIILFLHQWV RI WKH XWLOLW\ IXQFWLRQ DUH SODXVLEOH DQG VKRZ D KLJK OHYHO RI
VLJQLILFDQFH'ULYLQJ YDULDEOHV RI WKH FDOFXODWLRQ DUH WKHPRGHV URXWHV ZKLFK DUH QRUPDOO\ XVHG WKH
FRVWVRI WKH WULSDQGVRPHVRFLRGHPRJUDSKLFFKDUDFWHULVWLFV&OHDUO\UHFRJQL]DEOH LV WKHKLJKYDOXHRI
WKHFDUIRUFDUFRPPXWHUVDVVKRZQLQWKHFRHIILFLHQWRIWKHYDULDEOH³PDLQPRGH FDU´&ZKLFKPHDQV
WKDWDPRGHVKLIWRIFDUFRPPXWHUVWRSXEOLFWUDQVSRUWLVGLIILFXOWWRDFKLHYHXQOHVVWKHDGYDQWDJHRIWKLV
DOWHUQDWLYH LVH[WUDRUGLQDU\KLJK LQFRPSDULVRQ WR WKHXVXDOEHKDYLRU$VDOUHDG\ VWDWHG LQ WKH UHYHDOHG




VHSDUDWHO\ ,W VKRZV WKDW FDU FRPPXWHUV UDWH RQHPLQXWH GHOD\ DV OHVV XQSOHDVDQW WKDQ SXEOLF WUDQVSRUW





PDOH[FDU´0&VKRZV WKDWPDOHVDUHPRUH OLNHO\ WRVKLIWPRGHIURPFDUXVH WRSXEOLF WUDQVSRUW WKDQ
IHPDOHV ,WJRHVZLWKRXW VD\LQJ WKDWRZQLQJD VHDVRQ WLFNHW UHGXFHV WKHEHQHILWRIXVLQJ WKHFDU 67&
7KHOHQJWKRIDWULSFDUDVZHOODVSXEOLFWUDQVSRUWDQGWKHSRVVLEOHXVHRIDPRWRUZD\IRUWKHWULSKDYH
QRVLJQLILFDQWLPSDFWDQGDUHQRWFRQVLGHUHGLQWKHXWLOLW\IXQFWLRQ
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([SHFWHGIHDWXUHV
$SDUW IURP WKH WHFKQLFDO FRQGLWLRQV UHTXLUHG WR FDOFXODWH WKHXWLOLW\RI WKH DOWHUQDWLYHVSURYLGHG WKH
V\VWHP KDV WR SURYLGH SDUWLFXODU IHDWXUHV UHTXHVWHG E\ WKH XVHUV 0RUH WKDQ  RI WKH UHVSRQGHQWV
EHOLHYH WKDW WKH V\VWHPFDQVXLWDEO\RSWLPL]H WKHLUGDLO\ WULS WRZRUN LQDQ\FDVHDQGZLVK LQIRUPDWLRQ
DERXW WUDYHO WLPH DQG GHOD\V UHJDUGOHVV RI H[LVWLQJ DOWHUQDWLYHV 6DYLQJ WLPH E\ XVLQJ DOWHUQDWLYH
FRQQHFWLRQV LV RQH RI WKH PRVW LPSRUWDQW ELWV RI LQIRUPDWLRQ UHTXHVWHG EXW WUDYHO WLPH E\ XVLQJ DQ
DOWHUQDWLYHPRGHLVRIPLQRULQWHUHVW7KHSUHIHUUHGPHGLXPIRUWKHSURYLVLRQRILQIRUPDWLRQLVWKHPRELOH





DOO DYDLODEOH PRGHV RI WUDQVSRUW 7KH GDWD FROOHFWLRQ KDV WR LQFOXGH DOO NLQGV RI PRGHV LQ GLIIHUHQW
WUDQVSRUWVLWXDWLRQ,QWRWDOKRXUVRI*36GDWDZHUHFROOHFWHGDWVHFRQGLQWHUYDOVUHVXOWLQJLQ
WUDMHFWRULHVWREHXVHGWRWHVWPRGHGHWHFWLRQDOJRULWKPV,QFRQWUDVWWRWKHGDWDUHTXLUHPHQWVIRUWKHPRGH
GHWHFWLRQ DQDO\VLV GHWHUPLQLQJ LQGLYLGXDO PRELOLW\ EHKDYLRU UHTXLUHV ORQJ WHUP PRWLRQ GDWD ZLWK









WULSV EHWZHHQ KRPH DQG ZRUN DQG  SRLQWV RI LQWHUHVW HJ LQWHUFKDQJH VWDWLRQV RU D VWRSRYHU IRU
VKRSSLQJSXUSRVHV0RUHRYHUWKHURXWHVDUHVSOLWLQWRWUDMHFWRULHVUHSUHVHQWLQJDVLQJOHPRGHDQGILQDOO\
WKHVLQJOHPRGHWUDMHFWRULHVDUHFROOHFWHGE\FODVVHVZKHUHHDFKFRUUHVSRQGVWRDURXWHRIDWULSWRZRUN
WR D FHUWDLQ WLPH RI GD\ WR D FHUWDLQPRGH DQG WKH VHTXHQFH RI VWRSV >5XGORII 5D\ @ 3RLQWV RI
LQWHUHVW32,DUHLGHQWLILHGLQWKUHHGLIIHUHQWZD\V6LJQDOORVVRIDWOHDVWVHFRQGVWLPHVSHQWLQ
EXLOGLQJV  6WRSV RI DW OHDVW  VHFRQGV ZKHUH WKH VWRS GHWHFWLRQ DOJRULWKP IROORZV D PHWKRG
SURSRVHG LQ >+DULKDUDQ7R\DPD@ DQG  VWDUW DQG HQGSRLQW RI DZDONLQJ VHJPHQW LGHQWLILHG DV




*36GULIWV7KLV LV UHSHDWHGXQWLOD WUDMHFWRU\FRQWDLQVRQO\ UHDOLVWLFVSHHGV$VHOIRUJDQL]LQJQHWZRUN
DOJRULWKP JURZLQJ QHXUDO JDV *1* VHH >)ULW]NH @ LV XVHG WR UHGXFH WKH*36 SRVLWLRQV LQ WKH
FROOHFWHGURXWHVWRDVHWRIVSDWLDOQRGHVWRJHWKHUZLWKDWRSRORJ\RIHGJHVWKDWUHSUHVHQWURXWHVEHWZHHQ
WKH FDOFXODWHG QRGHV 7KH QXPEHU RI QRGHV LV IXUWKHU UHGXFHG E\ D FOXVWHULQJ DOJRULWKP UHSODFLQJ WKH
QRGHV LQ WKHFOXVWHUE\ WKHLUPHDQSRVLWLRQ3RLQWVRQ WUDMHFWRULHVDUHDVVLJQHG WR WKHQHWZRUNQRGHVE\
ILQGLQJWKHQHDUHVWRQHDQGWUDQVIHUUHGLQWRFODVVHVE\FOXVWHULQJWUDMHFWRULHVZKRVHFRUUHVSRQGLQJQRGHV
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DUHLQHDFKRWKHU¶VWRSRORJLFDOQHLJKERUKRRGVHH>%DXHUHWDO@)RUHDFKFODVVDVHTXHQFHRI32,V
VWRSVDQG WUDQVIHUSRLQWV LVGHWHUPLQHG7KHSURILOH WKHQFRQWDLQVDOO URXWHVZKLFK WKHFRPPXWHUXVHG
PXOWLSOHWLPHVGHILQHGE\WKHFRUUHVSRQGLQJVHTXHQFHVRI32,VWKHPRGHVXVHGLQEHWZHHQWKH32,VDV







DOVR ZDONLQJ F\FOLQJ RU XVLQJ WD[LV LQ DQG RXWVLGH RI WKH FLW\ 3UREOHPV DULVH ZLWK WKH GLVWLQFWLRQ











VSHHG LQWHUYDOV SURYLGH DQ LGHD RI WKH GXUDWLRQ RI WKH PRYHPHQW DW µIDVW¶ VSHHG RYHU  NPK RU DW
PHGLXPVSHHGEHWZHHQDQGNPKZKLFKPLJKWKHOSWRGLVWLQJXLVKEHWZHHQVORZHUPRYLQJWUDPVRU
EXVVHV DQG FRPPXWHU WUDLQVZLWK FRQVWDQW DQG UHODWLYHO\ KLJK VSHHGVEHWZHHQ VWRSV)DLUO\ ORQJ VLJQDO
ORVVHV LQGLFDWH DQXQGHUJURXQG WUDLQ7KH FKDQJHRIRULHQWDWLRQYDULDEOH LV XVHG WRGLVWLQJXLVKEHWZHHQ
WUDQVSRUW RQ WKH URDG DQG LQ VWUHHWV ZKHUH UHODWLYHO\ VKDUS WXUQV DUH SRVVLEOH DQG WUDQVSRUW RQ WUDFNV
ZKLFKKDVODUJHUUDGLL
)LJ([DPSOHVRIVSHHGSURILOHVIRUGLIIHUHQWPRGHVRIWUDIILFLQ9LHQQD
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